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structure is caused by the differences among the bond distances
between CaO and MnO, as well as those between different Mn and O
atoms. Among these, the bond distances between O5 and its
surrounding metal ions are especially longer than those between other
oxo-atoms and metal ions, suggesting that the bonding of O5 to other
metal ions is weak, which in turn suggests that O5 has a higher
reactivity and may be easily released during the water-splitting
reaction. Importantly, fourwatermoleculeswere found to be associated
with theMn4CaO5-cluster, two of them are associated with the Ca ion
and the other two are associated with Mn4. No other water molecules
were found to associate with other Mn ions, suggesting that the water
oxidation reaction takes place within these four water molecules,
which are located in an area surrounded by Ca, Mn4, O5, two OEC-
ligands D1-Glu189, and D1-Asp170, and three additional residues
D1-Tyr161, D1-Phe182 and D1-Val185. There were several additional
water molecules found in this area, suggesting that this region is
highly hydrophilic, and the additional water molecules may serve as
sources for the substrates in the next reaction cycle.
The high resolution structure of PSII revealed the presence of
around 2800 water molecules in a dimer, some of them formed
extensive hydrogen-bond networks linking the Mn4CaO5-cluster to
the protein surface. These hydrogen-bond networks may serve as
proton exit paths from, or substrate water inlet channels to, the
Mn4CaO5-cluster.
This work was carried out in collaboration with Drs. Y. Umena, K.
Kawakami and N. Kamiya.
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NADH-ubiquinone oxidoreductase (complex I) is the ﬁrst and the
largest enzyme in the respiratory chain of mitochondria and most
bacteria. Mutations in complex I lead to the most common human
genetic disorders. It is an L-shaped assembly, with the hydrophobic
arm embedded in the membrane and the hydrophilic arm protruding
into the bacterial cytoplasm. We have determined all currently
known atomic structures of complex I. Initially, we have solved the
crystal structure of the hydrophilic domain of complex I from Thermus
thermophilus, revealing the arrangement of NADH, ﬂavin and nine
Fe–S clusters in an electron transfer chain. Structure of the
hydrophilic domain reduced by NADH revealed signiﬁcant confor-
mational changes at the interface with the membrane domain.
The mechanism of coupling between the electron transfer and
proton translocation in complex I is currently not established.
Recently, we have determined the crystal structure of the membrane
domain of complex I from Escherichia coli, showing unusual novel fold
of antiporter-like subunits. We have also described the low-
resolution structure of the entire complex I from T. thermophilus.
The overall architecture of complex I, thus revealed, provides strong
clues about the coupling mechanism, involving long-range confor-
mational changes.
Currently, from the core complement of 14 conserved complex I
subunits, only the structure of subunit Nqo8/NuoH/ND1 remains
unknown. This subunit is involved in quinone binding and is key to
the coupling mechanism. The main challenge now is to solve the
atomic structure of the entire, intact complex, including the quinone-
binding site. Progress towards this goal will be described and
mechanistic implications will be discussed.
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The products of two genes mutated in autosomal recessive forms of
Parkinson's disease, PINK1 and Parkin, have been identiﬁed in
Drosophila to work in the same pathway to maintain healthy ﬂight
muscles and dopaminergic neurons. PINK1 is a kinase located on
mitochondria whereas Parkin is an E3 ubiquitin ligase normally located
in the cytosol. Upon mitochondrial damage PINK1 recruits cytosolic
Parkin to mitochondria to mediate mitophagy suggesting that in
mammalian cells PINK1 can work in the same pathway as Parkin to
mediate mitochondrial quality control. PINK1 appears to be constitu-
tively imported to the inner mitochondrial membrane of healthy
mitochondria and degraded by PARL and downstream proteases.When
import is impaired bymitochondrial damage PINK1 accumulates on the
outer mitochondrial membrane where it can recruit Parkin from the
cytosol. This sensing mechanism allows the detection and selective
removal of damaged mitochondria within a cell. We have found that
PINK1 on the outer mitochondrial membrane is stably bound to the
TOM complex. However, the TOM complex does not appear crucial for
PINK1 to recruit Parkin as inducible targeting of PINK1 to peroxisomes
that lack the TOMcomplexmediates Parkin recruitment to peroxisomes
and induces pexophagy. If mitochondria recover membrane potential
PINK1 is rapidly reimported into mitochondria and degraded sug-
gesting that PINK1 binding to TOM allows rapid downregulation of
PINK1 and salvage of mitochondria from the mitophagy pathway.
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Component parts of photosynthetic and respiratory energy
conversion machinery are linked by electron-transfer, a quantum
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